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Based on the external and baleen appearances

of captured and stranded minke whales in South

Africa, Best (1985) described a diminutive or

Type 3 form. In addition, he described Type 1 and
2 Ibrms which he also referred to as "honaer-

ensis'- type because of their baleen similarity to

an Argentinian specimen described as Bal-

aenoptera bonaeremis (Burmeister, 1867). Rice

(1998) has recently assigned Type 1 and 2 fomis

as Balaenoptera honaerensis. Arnold el al.

(1987) described the osteology of the Type 3

form, which they termed the dwarf minke whale,

primarily from a 7.1m long sexually mature

female which died after 'entrapment' in Hook
Reef lagoon (19^52'S, 149°13'E) in the Great

Barrier Reef.

Immature minke whales of all forms pre-

dominate in museum collections derived from

strandings rather than captures (Horwood, 1990;

Paterson, 1994; Paterson et al., 1997; Watson &
Fordyce, 1993; Zerbini et al., 1996). The
following description of another adult dwarf
minke whale from Queensland complements the

initial osteological study of Arnold et al. (1987).

A 7.0m long male was found dead at Dundubara
(25"10'S, 153^17^E) on the eastern (oceanic)

shore of Fraser Island on 1 July 1997. The border

between the area of white pigmentation and

darker colouration in the shoulder region (al least

on the right) was 'serrated' (Fig. 1 ) and differed

from other records in the Queensland Museum
(Paterson, 1994). The skull and mandible as well

as the baleen and laiynx were collected the

following day and the post-cranial skeleton six

weeks later. The specimen is registered as QM
JM11761.

DESCRIPTION

BALEEN. The baleen is illustrated from the

buccal aspect in Fig. 2. A count of the small

anterior hairs was not attempted. There are 252
plates on the right and 243 on the left. Most plates

are all-white (more precisely creamy-white) but

those with a predominant dark outer border

number 19 (7.5%) on the right and 21 (8.6%) on
the left and most are posterior. The largest plates

do not exceed 20cm in length. These features are

typical of the dwarf form (Best, 1985; Arnold et

al., 1987).

LAR^HMX. In the past fifteen years baleen and

toothed whale lar^'nges have been collected

whenever possible by Queensland MuseumslalT

for comparative study (Paterson, 1994; Paterson

etal., 1993;Quayle, 1991). The present specimen
is illustrated and annotated (Fig. 3) in conformity

with the dissection by Quayle (1991) of a

humpback whale Megaptera novaeangliae calf.

It measures 4 1 cm from the anlero-inferior aspect

of the epiglottic cartilage to the distal aspect of
the ventral diverticulum. The latter structure is

unique to baleen whales (Hosokawa, 1950;

Slijper, 1962). Apart from size differences, the

larynx of QMJM11761 is similar to the

above-mentioned calf with the exception of
thicker muscle between the dorsal aspect of the

diverticulum and the ventral aspect of the trachea.
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FIG. 1 . Right shoulder colour pattern of QMJM1 1 76 1

.

SKULL, MANDIBLEANDHYOID. These are

illustrated in Figs 4-8 and measurements based

on Omura (1975), Aniold et al. (1987) and
Paterson et al. (1997) are contained in Table \.

Paterson et al. (1997), when describing the

osteology of 'bonaerensis' specimens from
southern Queensland (which they termed 'dark

shoulder' following Arnold et al., 1987),

discussed problems arising from immaturity and
the paucity of specimens. Immaturity is not at

issue in the present specimen but as it is only the

second adult stranding record from Queensland
some of the cranial differences relative to the

Hook Reef specimen may merely reflect

individual and/or gender variation.

Parietal incorporation into the vertex with an

angulato-ovate interparietal (Fig. 5, left),

elongation of the hamular processes of the

pterygoids and posterior palatine angularity (Fig.

5, right) considered to be characteristic of the

dwarf form (Arnold et al., 1987), are confirmed.

However, the anterior aspects of the nasals are

almost straight or minimally concave (Figs 4 & 5)

FIG. 2. Baleen of QMJMl 1761 from buccal aspect.

Right baleen row is on the left of the figure. (Scale in

cm).

compared with the Hook Reef specimen. Zerbini

et al. (1996) noted that the anterior border of the

nasals was less convex in mature specimens. The
posterior extent of the premaxillae is iimited' by
lateral prominences of the junction of the middle

and posterior thirds of the nasals (Fig. 5, left).

These appearances and positions are different

from the posterior premaxillary extent and
smooth lateral nasal surfaces in the Hook Reef
specimen (fig. 5c in Arnold et al., 1987). The
malars and hyoid components (Figs 6, 7) are of

finer proportion than the Hook Reef specimen

but this may result from individual or gender
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FIG. 3. Longitudinal section ofthe larynx of QMJM1 1 761 in medial aspect with thyroid cartilage removed. A,

epiglottic cartilage; B, fibrous attachment to thyroid cartilage; C, arytenoid cartilage-corpus; D, arytenoid

cartilage-rostral end; E, cricoid cartilage; F, tracheal lumen; G, fundus of ventral diverticulum; H, neck of
ventral diverticulum; I, thyroarytenoid muscle; J, interarytenoid fibro elastic connection; K, oesophageal

lumen, (Scale in cm).

variation. The mandibular appearances (Fig. 8)

are unremarkable.

VERTEBRAEANDCHEVRONS.Measurements,

including mean vertebral length (Omura, 1971;

Paterson et al, 1997), are contained in Table 2. Tlie

vertebral formula (C7, TIO, L13, CaI8 - 48) differs

slightly from that (C7, T 1 1 , L 1 2, Cal 8 = 48) in a dark

shoulder fonn (QM JM10961) described by

Paterson et al. ( 1 997). The formula ofthe Hook Reef
specimen was not stated by Arnold et al. (1987) but

they noted that the epiphyses (in that 7.1m long

female) were fused to the centra only in the first two
cervicals and the distal caudals. In contrast the

central epiphyses were fused in all vertebrae (Fig. 9)

in QMJM11761 (a 7.0m long male), indicating

physical maturity.

A tuberculate parapophysis on C7 (Fig. 10) is

present. This is characteristic of the dwarf fomi

(Arnold et al., 1987) in contrast to its lack or

almost complete absence in QMJM10961 and

other dark shoulder fonns described by Omura

(1975). When comparing that feature in QM
JM1 1 76 1 and QMJM 1 096 1 apparent differences

in the shape ofthe centra from C5 to at least Tl
were noted. Those of the dwarf form were more
ovoid than the dark shoulder fonn (Fig. 10). The
limitation in ascribing significance to

osteological differences from a small series is

appreciated. Accordingly, the ratios of central

breadth to height in the C5-T1 vertebra fi^om

other specimens of known form were calculated.

The provenance of the specimens and the

measurements (including ratios) are contained in

Table 3. In both dwarf and dark shoulder forms

the ratio of breadth to height shows little variation

between individuals for a particular vertebra,

even though there is wide variation in maturity

and in the dimensions of breadth and height. The
ratio is generally larger in the dwarf form. For C5
and the mean of C5, C6, C7 and Tl, all values for

all individuals of the dwarf form are larger than

all those of the dark shoulder form. The mean
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FIG. 5, SkuUofQMJM1 1 76] withclose-up^views of oasab (leift) and hamular processes (right). (Scale in cm).
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FIG. 6. Malarsof QMJMn761. (Scale in cm). FIG- 7. Basihyoid (below) and stylohyals (above) of
QMJM11 76 1. (Scale in cm).

values are 1.32, 1.23, 1.24, 1.26, L37 and L33
(dark shoulder) and 1.53, 1.58 and 1.44 (dwarf).

Because the sample size is small a non-
parametric test, the randomisation test for two
independent samples (Siegel, 1956), is used to

determine the significance of the difference in

ratios. This test is independent of the probability

distribution of the variables sampled. Under the

null hypothesis, the number of ways that six

values (representing the dark shoulder samples)

can be drawn from the nine (both samples
pooled) for a particular vertebra, without regard

for the order in which they are drawn, is 84. Since

the result for C5 is the extreme case where all

values for a particular vertebra of one form are

less than all of the other form, the probability of

this resuh is 1/84 = 0.012. The same result is

obtained if the means of the values of the four

vertebrae are used. For C6, C7 and Tl , the small-

est ratio for the dwarf samples equals the largest

of the dark shoulder samples, so that there are 2

ways out of 84 of obtaining the above result, a

probability of 0.024. Thus the differences in the

value of this ratio between the dwarf and dark

shoulder forms are significant statistically at the

levels shown.

Figure 1 1 shows the breadth and height of C5,

together with the ratios (of breadth to height), as

fimctions of total length for all individuals (Table

3). For each form the breadths and heights show
an almost linear dependence on length. On the

FIG. 8. Mandible from dorsal aspect of QMJM11761.
(Scale in cm).
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FIG. 9. Vertebral column from lateral aspect of QMJM11761. Top, cervical and thoracic vertebrae; centre,

lumbar vertebrae (L 1 was inadvertently included with the thoracics); bottom, caudal vertebrae. (Scale in cm).

other hand, the ratios are almost independent of

length over a three to one variation in length from

new bom to mature individuals. The dependence
of breadth on length is very similar for the two
forms, while the dependence of height on length

is different, causing the ratio to be different.

Since the difference in the ratios between dwarf
and dark shoulder forms is statistically

significant and also shows very little variation

with whale length from new bom to maturity, this

ratio {> 1 .50 for C5 in dwarf forms) appears to be

an effective discriminator between dwarf and
dark shoulder forms of minke whale.

The lateral vertebral (C5-T1) elements
(diapophyses and parapophyses) exhibit

FIG. 10. Cephalo-caudal projections of C5-T1 (from top

to bottom of figure) of QMJM11761 (left) and QM
JM10961 (right). (Scale in cm).
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Length fm)

FtG. 11. Comparison of C5 ditnensions for 6 d;irk shoulder :ind 3 dwarf minke
whales (Table 3). Solid curves and tilled data points show the values tnr ihe

dark shoulder minke \s'hale samples while the doited cun'es and open data

poiiiis show the values for the dwarf minke w hale samples. The triangular

datapoinis show breadlhs, iht: rounU data points »how
fhev^tio^bioadth to heighv.

COnJidmbte dtiH&ettc6 tri the dw^ and dark

shoulder specimens shown in Fig. 10. However,

flie dark shoulder specimen (QM JM1096)^ is

It^ mature than the dwarf ^edmen. jStdlil^ d^k,

shoulder specimens (Table 3) desGfibfed by

Omurat 1975) have similar lateral ckiwtttsiiiihe

Individual variation in these elements was noted

in New Zcaliind minke whales of unspecified

iovm (Watson & Fordyce, 1993). The left C4
diapophysis was completely absent in one of the

two described specimens.

There arc nine chevrons (Fig. 12) and the llrst

has unfuscd laminae. Paterson ei al. (1^»^^7)

deS^rfteji twelve in a dark shoulder i'prm and

WalSGX(& fordyce (1993)riotedtenandthinden

infheirspecimjens,

RIBS AM) STERNUM.There are Im pairs of

ribs and the^ are iUu5ti£fted witb^ the $^tenKtim in

Pig. 1%. 't&ir iif&ami^rein^ijts a^ {contained in

Table 4.

SCAPULAEANDFORELIMB BOMES. The
scapulae, humeri, radii 9pd ^ ^ly^trated

in Fig. 14 and their measuremenfe are contdried

in Table 5. The phalangeal fomiula (including the

mclacari^als) derived irom X-rays is U H? ilio-7,

DISCtlSSlGN

Watson ^Fordyce (1993)

discussed the importance of

anatomical studies as well as

biochemical techniques, in

discriminating between
cetacean populations and
species. Those authors
suggested a comprehensive

revtdw of skull structuresfor

U^^ei^ Zealand Ymnlce whales
and emphasised the im-

portance of the post-cranial

skeleton with regard to

iunctional studies. Paterson

etal. (

1

997 ) when,<teg*5in]b«J&

(srapial and pQ$t-*cj^;EM;siI

osteologN' of a dark shoulder

form also recommended
detailed examination of
available minke whale

heights and the crosses material (particularly adult

Specimens) itt Australasian

museum collections.

The present osteological descnption. of the

second adult dwarf form reco\ ered in

Queensland, complenients the initial study of
AniOld al. (l^S-T) andadds a ftirther distintstjon

.(lheiB»tiO of breadth to hciuh! in the body of CS)
between dwarf and dark slu-ulder forms. A more
comprehensi\ e studs using nialcnal eollccted

from all available soulliern hemisphere sites is

awaited to confinn or exclude this additional

osteological character of the dwarf minke whale

as well as fiirdier establishing the characters

previously determined by Arnold etal. (J 987).
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FIG. 13- Ribs (Icfl) and
sternum (abovel of QM
JMM761. (Scale fa cfri).
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TABLE 1. Skull, mandibular and hyoid measurements (in mm)of QMJM11761

Condylo-premaxillary length 1535

Length of premaxillary, right (si. broken at tip) 1136

Length of premaxillary, left (si. broken at tip) 1128

Length of maxillary, superior, right 1099

Length of maxillary, superior, left 1091

Tip of premaxillary to vertex 1179

Tip of premaxillary to nasals 1032

Length of nasals, median 178

Breadth of nasals, anterior (between premaxillaries
at ant. end of nasals)

92

Length of rostnim 1038

Breadth of rostrum at middle 349

Breadth of rostrum at base 520

Breadth across maxillaries at vertex 157

Breadth of frontal across nasals 241

Breadth between maxillaries at nares 235

Breadth of skull, squamosal 864

Breadth of skull, frontal 830

Breadth of skull, maxillaries 751

Length of orbit, frontal, right 168

Length of orbit, frontal, left 171

Breadth of occipital bone 592

Breadth across occipital condyles (to base of
spongy bone) 165

Height of occipital condyle, right 88

Height of occipital condyle, left 82

Breadth of foramen magnumaperture 67

Height of foramen magnumaperture 52

Length from foramen magnumto vertex (measure-
ment at post, parietals)

360

Lachrymal breadth, right 65

Lachrymal breadth, left missing

Tip of premaxillary to ant, vomer, median

Tip of premaxillary to ant, palatine, median

Tip of premaxillary to post, palatine, median

Tip of premaxillary to post pterygoid

Breadth across hamular process of pterygoid

Length of mandible, straight, right

Length of mandible, straight, left

Length of mandible, curved, right (outside curve)
(inside curve)

Length of mandible, curved left (outside curve)
(inside curve)

Height of mandible at coronoid, right

Height of mandible at coronoid. left

Height of mandible at condyle, right

Height of mandible at condyle, left

Tympanic bulla, length, right

Tympanic bulla, length left

Tympanic bulla, greatest breadth, right

Tympanic bulla, greatest breadth, left

Tympanic bulla, thickness at middle, right

Tympanic bulla, thickness at middle, left

Malar, length. right

Malar, length. left

Malar breadth. right

Malar breadth. left

Lachrymal length, right

Lachr ymal length. left

Hyoids

Basihyoid

Stylohyal, right

Stylohyal, left

Breadth (mm)

362

47

49

236

1010

1275

1383

116

1482

1477

1589
1534

1583

1524

179

173

160

162

79

76

63

64

46

46

174

176

67

68

120

missmg

Length (mm)

116

253

247

FIG. 14. Scapulae (above); humeri, radii and ulnae

(right) of QMJMl 1761 . (Scale in cm).
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TABLE2 . Vertebral and chevron measurements (in mm)of QMJM1 1 76 L

Vertebral No. Greatest Breadth Greatest Height
(^entrum i3readth

(a)

Centrum Height

(b)

Centrum Length
(c)

Mean Vertebral

Length
^a A u A

C 1 290 164 167 90 4?4Z 8f^oO

2 436 164 164 95 34 81o 1

3 364 132 137 75 21 fift

4 321 140 1 1fti jU 74 71Zj ^;7OZ

5 33

1

145 iZO to 77Z /

5 334 158 125 8ft T7JZ DO

7 366 l^QiQy 1 781 Zo 87oZ 11J J 77/Z

T 1 401-tU 1
1 Ti
I Ij 1 1

1

C7OJ TO

2 385 214 130 81 f^7DZ 87

3 387 253 111 84 71!J 04

4 441 287 128 8f^ 81OJ 07

5 510 323 1 97 88oo OJ OS

5 565 349 1 77 8f^oD 01 1 nilUl

7 593 364 1 71 81o J VO 1 n7lUZ

620 356 125 81oJ 1 ftft1 uu 1 (17lUZ

9 635 355 128 86 102 1 ft41 \JH

10 580 * 376 130 88 108 108

LI 602 403 131 90 1 10 109

2 607 412 131 90 1 18 1 12

3 615 414 134 ini1 U

1

171i Zi I 1 8I I o

4 612 414 133 101 1 741 Z't 1 1 Q1 1 7

5 622 421 133 lft81 vo 1 11
I J J 1 74IZH

600 433 1 14 1 ftB 1 77
1 JZ 1 T/11Z4

7 574 417 1 171 JZ 1 1 1ill 1 "3 "7
1 J /

1izo

g 534 447 1 18 1 1

1

1 1

J

1 "XQ
1 JV izy

9 485 417 141 1 1 <
1 1

J

1 /in14U 131

10 448 4^n 1 1110 150 136

\ I 440 441 1 7 1IZ t
1 ^1
1 J / 140

12 394 427 1 47 1 77IZZ 1
1 J / 141

13 J Jo JOJ I'M Iz / 154 142

Ca 1 lisJ Jo 110Izo 150 142

2 301 lift 1 171 jZ 1 K
1 J J 1 /in14U 142

3 250 281 158 1 4ft
1 fU 1 1^

1 J J 144

4 202 242 153 139 1 741 Zf 1 10

5 175 218 153 136 1 74IZH 1 17iJ/

6 140 194 140 134 121 131

7 125 176 125 135 110 123

8 119 155 119 128 93 112

9 112 120 94 92 58 85

10 94 90 64 62 45 57

11 78 88 63 58 42 56

12 75 80 62 60 44 55

13 66 70 51 51 40 47

14 54 61 44 42 35 40

15 39 50 33 32 28 31

16 29 39 27 24 25 25

17 20 27 16 16 21 18

18 16 19 14 13 17 !5
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TABLE 2. continued. * = damaged.

Chevron Length Height

1 (a) 84 (b) 69 (a) 59 (b)60

2 86 177

3 107 179

4 113 155

5 103 131

6 91 * 106

7 73 82

8 76* 59

9 43 37

TABLE3. Comparison of vertebral body (C5-T1) breadth/height ratios between dwarf and dark shoulder minke
whales. (Measurements other than specimen length are in millimetres)

Specimen
(Registration, Length, Sex, Reference)

Vertebra Breadth Height Ratio

Dark Shoulder Forms

71 J2883, 9.8m, 9, Omura(1975) C5 172 124 1.39

C6 170 132 1.29

C7 171 132 1.30

Tl 174 132 1.32

71J2793, 8.5m, 6, Omura(1975) C5 143 115 1.24

C6 141 118 1.19

C7 142 118 1.20

Tl 149 118 1.26

QMJM10961, 6.02m, ?, Paterson et al. (1997) C5 119 95 1.25

C6 119 97 1.23

C7 121 99 1.22

Tl 123 98 1.26

QMJM8513, 4.1m, 9, Paterson (1994) C5 102 78 1.31

C6 100 80 1.25

C7 106 88 1.20

Tl 108 85 1.27

QMJM5434, 3.8m, ?, Paterson ( 1 994) C5 102 75 1.36

C6 103 76 1.36

C7 106 78 1.36

Tl 110 78 1.41

QMJ21708, 3.8m, ?, Paterson (1986) C5 105 70 1.50

C6 95 75 1.27

C7 95 72 1.32

Tl 94 76 1.24

Dwarf Forms

QMJM3861, 7.1 m, 9, Arnold et al. (1987) C5 131 85 1.54

C6 130 86 1.51

C7 131 88 1.49

Tl 134 86 1.56

QMJM11761, 7.0m, 6, Present Study C5 126 78 1.62

C6 125 80 1.56

C7 128 82 1.56

Tl 131 83 1.58

QMJM7301, 2.9m, 9, Paterson (1994) C5 77 48 1.60

C6 75 55 1.36

C7 75 55 1.36

Tl 79 56 1.41



568 MEMOIRSOF THEQUEENSLANDMUSEUM

RICE, D. 1998. Marine mammals of the world.

Systematics and distribution. (The Society of

Marine Mammalogy: Lawrence).

SIEGEL, S. 1956. Nonparametric statistics for the

behavioural sciences. (McGraw-Hill: NewYork).

SLIJPER, E.J. 1962. Whales. (Hutchinson: London).

WATSON,A.G. & FORDYCE,R.E. 1993. Skeleton of
two minke whales, Balaenoptera acutorostrata.

stranded on the south-east coast of NewZealand.

NewZealand Natural Sciences 20: 1-14.

ZERBINI, A.N., SECCHl, E.R., SICILIANO, S. &
SIMOES-LOPES, P.C. 1996. The dwarf form of

the minke whale, Balaenoptera acutorostrata

Lacepede, 1804, in Brazil. Reports of the

International Whaling Commission 46: 333-340.

TABLE4. Rib and sternal measurements (in mm)of QMJMl 1761. * = broken.

Rib Straight Length

Right Left

1 575 584

2 846 850

3 945 962

4 992 995

5 969 963

6 913 924

7 860 874

8 824 829

9 775 784*

10 815* 815 *

Sternum Breadth 238 Length 293

TABLE 5. Scapular and forelimb measurements (in mm)of QMJMl 1761 .
* = possibly missing.

Sea )ula Humerus, Radius, Ulna

Right Left Breadth Length

Greatest breadth 570 572 Right Left Right Left

Greatest height 349 349 Humerus 126 130 251 254

Ratio of breadth to height 1.6 1.6 Radius 76 75 385 390

Length of acrom ion-inferior 124 119 Ulna 49 49 347 352

Breadth of acromion, distal end 46 40

Length of coracoid, inferior 77 73

Breadth of coracoid, distal end 28 30

Length of glenoid fossa 135 132

Breadth of glenoid fossa 90 90

Length of Phalanges

Phalanx Right Left

I II III IV II III IV

1 57 71 57 46 57 71 57 46

2 59 72 61 43 59 74 61 43

3 49 54 50 35 48 55 50 35

4 27 36 36 6 29 37 36

5 25 24 24 23

6 15 14 15 15

7 7 *
7 5

8 *


